Abstract: Background: individuals with type 2 diabetes show emotional distress as they learn how to cope with the disease. The emotional distress increases the possibility of complications in these patients. The aims of the present study were to evaluate the impact of the emotional distress in the quality of life of individuals with diabetes, and to investigate the demographic and clinical characteristics associated with the emotional distress of living with diabetes in a Mexican population. Methods: a total of 422 Mexican individuals with type 2 diabetes were recruited from the outpatient Diabetes Clinic of the Hospital Regional de Alta Especialidad Dr. Gustavo A. Rovirosa of Villahermosa, Tabasco. Demographic and clinical characteristics along with quality of life (SF-36) were assessed in these individuals. The emotional distress of living with diabetes was measured using the 5-item Problem Areas in Diabetes. Patients were divided according to the presence of high or low distress. Results: we identified that 31.8% (n = 134) of patients presented high diabetes-related emotional distress. We observed that hepatic diseases as comorbidities (p = 0.008) and diagnosis of major depression (p = 0.04) are factors associated with the emotional distress of living with diabetes. These patients showed a reduced quality of life in all dimensions (p < 0.001); the most affected dimensions were physical role (d = 0.37) and general health (d = 0.89) showing lower scores in comparison with patients with low emotional distress. Conclusions: our results suggest that Mexican individuals with type 2 diabetes mellitus show high emotional distress living with the disease and have a decreased quality of life. Therefore, it is necessary to decrease factors associated with the high emotional distress of living with diabetes in patients with type 2 diabetes.
Introduction
Diabetes mellitus is a global health problem and it is among the 10 leading causes of death worldwide [1] . It has been estimated that around 425 million people in the world suffer from diabetes mellitus; about 8.8% range between 20 and 79 years of age and 79% of them are in developing countries such as Mexico [1, 2] . Mexico has the fifth highest prevalence of diabetes mellitus in the world, with the disease affecting 12 million people. It is estimated that in the next years we will move to the fourth position with 21.8 million people with diabetes mellitus [3] .
Diabetes is caused by a deficiency in the production and use of insulin, which brings several consequences, particularly an abnormal elevation of blood glucose [4] . Furthermore, hyperglycemia affects several systems in the organism, causing heart disease, nephropathies, neuropathies and retinopathies among others. Additionally, hyperglycemia also triggers psychiatric problems such as anxiety, depression and stress [5, 6] . Diabetes mellitus complications can bring severe disability to patients, even reducing their life expectancy [7] .
Diabetes mellitus is a non-communicable disease; and apart from affecting life expectancy, it also affects physical, mental, and emotional life areas of the person. Psychosocial factors such as beliefs about the disease, medical expectations before receiving specialized treatment [8] , economic status and perception of the disease [9] , act as the most preponderant factors related to emotional distress of living with diabetes [10, 11] . A recent meta-analysis suggests the need of implementing psychological interventions for decreasing diabetes-related emotional-distress [12] in the multidisciplinary treatment of diabetes.
The quality of life in individuals with diabetes mellitus is another area highly impacted [13] , as dealing with this pathology is a burden for people who suffer it. Some studies have reported that the quality of life in patients with diabetes is directly related to several factors such as the educational achievement of the patient, previous conception and attitudes toward the disease and treatment, as well as the related comorbidities [14, 15] . Nevertheless, there are no current reports related to the impact of emotional distress on the quality of life of individuals with diabetes. Therefore, the main objective of the present study was to compare demographic features, diabetes clinical characteristics and quality of life between patients with high and low diabetes-related emotional distress.
Materials and Methods

Ethics Statement
The present study was approved by the Ethics and Scientific Committees of the Hospital Regional de Alta Especialidad Dr. Gustavo A. Rovirosa in Villahermosa city, Tabasco State, Mexico. All patients over 18 years of age who attended the Diabetes Clinic of the Hospital were invited to participate. After receiving a verbal explanation of the nature of the study, those individuals who expressed interest in participating were given a full explanation of the study; those who accepted to participate signed a written consent form. All patients participated voluntarily and were not remunerated for their participation in the study.
Participants
A total of 422 individuals with current diagnosis of type 2 diabetes mellitus (DM2) were included in the study. All participants had been evaluated on at least one occasion in the Diabetes Clinic by a specialist asserting the diagnosis. Patients with uncontrolled diabetes at the time of the study were also included. When the participant was illiterate, the self-report measures were read by the person or family member who usually looked after/would regularly help the patient. Generally, patients attend their consultations accompanied by a relative and therefore, no patients were excluded due to their inability to read these measures.
Assessment Procedure
Demographic features (i.e., age, years of education, current occupation, marital status) and some clinical features (i.e., illness evolution, medical and psychiatric comorbidities, current alcohol consumption and nicotine use, current treatment with hypoglycemic drugs and insulin) were obtained through a face-to-face interview with the patients and their relatives, and the information was verified using clinical records to avoid memory bias. Body weight and height were used to determine current body mass index (BMI) and patients were classified as normal weight, overweight or obese following the parameters proposed by the World Health Organization. Glycosylated hemoglobin (HbA1c) concentration was determined by the colorimetric method. According to the recommended cut-point value, patients with HbA1c < 6.5% were considered as having adequate diabetes control, and those with values ≥ 6.5% indicated a poor/inadequate control [16] .
Quality of life was assessed using the Short Form-36 (SF-36) validated in Mexican population which comprises eight dimensions: physical functioning, role limitations due to physical health, role limitations due to emotional problems, energy/fatigue, emotional well-being, social functioning, pain and general health. The scores of each dimension were obtained (0-100), higher scores define a more favorable health-related quality of life [17, 18] .
The 5-item Problem Areas in Diabetes (PAID-5) was used to measure the emotional distress of living with diabetes. Items are scored on a 4-point Likert scale (0-4 representing from "not a problem" to a "serious problem"), higher scores represent greater diabetes-related emotional distress. We used the optimal cut-off score of ≥8 to categorize patients with high and low distress [19] .
Statistical Analysis
All statistical evaluations were performed using the Statistical Package for the Social Sciences (SPSS, IBM, Armonk, NY, USA), version 21. Descriptive statistics of all variables were calculated.
Demographic and clinical variables were tested for differences between patients with high and low emotional distress using Fisher exact test or independent sample t tests where applicable. G*Power V.3.1.9.2 statistical software (SAS Institute Inc., Cary, NC, USA) was used to calculate effect size (Cohen d) for the significant results from the comparative analyses and were interpreted as small (d = 0.2), medium (d = 0.5), and large (d = 0.8) [20] . Significance level for tests was set at 0.05.
Results
Demographic and Clinical Features
Of the 422 individuals with DM2, 69.7% (n = 294) were women, with a mean age of 54.8 years (S.D. = 12.8, range 18-88 years). More than half of the participants were married or living with a partner (61.1%, n = 258), dedicated to non-remunerated activities (unemployed 13.5%, n = 57; housewives 50.5%, n = 213; full-time students 2.4%, n = 10), the average level of schooling was 6.9 years (S.D. = 4.4, range 0-26 years).
Participants had an average DM2 evolution of 15.1 years (S.D. = 8.7, range 1-53 years), more than three quarters were overweight/obese (BMI ≥ 25; 78.9%, n = 333) and presented high mean levels of HbA1C (8.2, S.D. = 2.0; HbA1C ≥ 6.5: 80.6%, n = 340), indicating a high proportion of uncontrolled diabetes in this sample. Neuropathy was the most reported medical comorbidity (45.3%, n = 191), while major depression (10.9%, n = 46) was the most reported psychiatric one. All patients were under treatment at the time of the study, the majority were under insulin shots and oral medications (63.3%, n = 267) followed by a smaller number of patients who were taking only oral medications (29.9%, n = 126) or insulin shots (6.9%, n = 29).
Following the cut-off score of ≥8 in PAID-5, we observed that 31.8% (n = 134) of our sample had greater diabetes-related emotional distress. The main demographic and clinical features according to this categorization are shown in Table 1 . As can be seen, individuals with higher emotional distress were younger (d = 0.49), with shorter illness evolution (d = 0.26), reported more hepatic diseases as comorbidities and had a confirmed diagnosis of major depression. 
Health-Related Quality of Life
The eight dimensions of health-related quality of life assessed with the SF-36 showed that DM2 patients had moderate difficulties in social functioning, role limitations due to emotional problems, physical functioning, and emotional well-being (scores over 70), with more difficulties in the dimension of pain, energy/fatigue and role limitations due to physical health (scores between 61-66), as well as important difficulties in general health (score < 50). Patients with high emotional distress reported more difficulties than those with low emotional distress (p < 0.001 in all dimensions), all with a moderate to high effect size, with the exception of physical functioning with a low effect size (see Figure 1) . 
Discussion
Many studies have evaluated the association between type 2 diabetes mellitus, depression and quality of life, but few have focused on studying how living with emotional distress can influence the quality of life in Mexican individuals with type 2 diabetes mellitus [6, 21] . Therefore, the aim of the present study was to compare demographic features, diabetes clinical characteristics and quality of life between patients with high and low diabetes-related emotional distress.
We observed that the presence of depression and hepatic injury were the main factors associated with high diabetes-related emotional-distress. Our results are consistent with previous reports that show that individuals with type 2 diabetes mellitus develop major depression and complications such as hepatic diseases [21] [22] [23] . According to Sánchez Cruz et al. [21] stress is responsible for uncontrolled glycemia in individuals with DM2, poor adherence to treatment and major depression [21] . These data are consistent with our results, as the majority of our participants with high levels of distress also had higher levels of depression. Also, the literature has described that individuals with diabetes and depression are more likely to use health care services, use multiple medications and exhibit a higher number of comorbid medical conditions. In consequence, 
We observed that the presence of depression and hepatic injury were the main factors associated with high diabetes-related emotional-distress. Our results are consistent with previous reports that show that individuals with type 2 diabetes mellitus develop major depression and complications such as hepatic diseases [21] [22] [23] . According to Sánchez Cruz et al. [21] stress is responsible for uncontrolled glycemia in individuals with DM2, poor adherence to treatment and major depression [21] . These data are consistent with our results, as the majority of our participants with high levels of distress also had higher levels of depression. Also, the literature has described that individuals with diabetes and depression are more likely to use health care services, use multiple medications and exhibit a higher number of comorbid medical conditions. In consequence, they live with high diabetes related emotional-distress as was observed in the present study [24] . The differences observed in individuals with high and low diabetes-related emotional-distress are relevant as they seemed to be non-related to demographic features or any other variables (such as body mass index), features that have been previously described as related to emotional distress [25] . Early detection and intervention of individuals with diabetes mellitus are a priority for preventing diabetes-related emotional-distress, medical comorbidities and psychiatric disorders such as depression.
High distress due to living with diabetes plays an important role in individuals with diabetes mellitus [6] . For instance, we observed low quality of life in all subscales in patients with high distress; additionally, the quality of life in this group was significantly lower than in low diabetes-related emotional distress individuals. The lowest scores were observed in the areas of physical role and general health. This could be partially due to the age of the participants, for the mean was above 50 years old and fewer years of illness, while older patients had had a prolonged illness evolution. Therefore, younger patients may exhibit more comorbidities than older patients [24] . It is also possible that these younger patients were reluctant or unable to follow the treatment, for medical comorbidities make it difficult to follow a restrict diet or exercise regularly, which could be the case in our participants, as a high proportion showed poor glycemic control [26] . Then, it could be hypothesized that poor glycemic control generates emotional stress in younger patients. Furthermore, we observed in our participants that emotional stress was indirectly linked to quality of life; considering that high distress itself could cause patients with diabetes to perceive this disease negatively, emotional distress will have an even greater impact on the control and treatment of diabetes. This cycle is detrimental to their health, as clinical improvement becomes a growing challenge causing greater emotional stress in patients with diabetes. Therefore, we could assume that older patients with a prolonged illness evolution are more likely to follow the appropriate treatment and care due to their knowledge and familiarity with the disease.
There are some explanations of the biological mechanism of emotional distress and type 2 diabetes mellitus. First, it is well known that chronic psychological stress is associated with depression and also with type 2 diabetes mellitus [27] . A well-supported theory of type 2 diabetes mellitus involves increased levels of adrenocorticotropic hormone (ACTH) promoting the activity of the hypothalamic-pituitary-adrenal (HPA) axis, the axis itself modifies glucose levels by feeding back the vicious circle [28] . Furthermore, HPA is a key mediator of the stress response regulating the secretion of glucocorticoids by the adrenal gland, which participates in several endocrine and neuropsychiatric diseases [29] . Therefore, brain insulin signaling dysfunction could impair the HPA axis normal response to stress, possibly facilitating the development of depression for example [30] . Furthermore, blood glucose is known to affect mood; inversely, depression has been suggested to be a possible cause of inadequate metabolic control in patients with type 2 diabetes mellitus [26] .
A second possible explanation is that inflammation biomarkers are elevated by chronic inflammation such as TNF alpha and interleukins. Chronic inflammation may play an integral role in the relationship between diabetes-stress and depression, given the role it has in chronic illnesses. For example, TNFα stimulates blood-brain barrier (BBB) disruption in patients with type 2 diabetes mellitus, which could ultimately lead to loss of the BBB transport regulation of other inflammatory signals, and exacerbate allostatic load to the HPA axis, which could also lead to its dysregulation [31, 32] . Another point is that TNFα promotes insulin resistance through the phosphorylation of insulin receptor substrate 1 via the activation of cellular stress-responses kinases [33, 34] . Moreover, TNFα also activates the nuclear factor κB, which is a transcriptional factor involved in neuronal survival and transcription rate of other cytokines, that will cause insulin signaling impairment [35] . We could assume that a pathway involving TNFα and insulin resistance could be a mechanistic link between T2D and depression, for example. These biological mechanisms, as we have mentioned, involve complications, from dysregulations at glucose level, to hepatic, renal, neuropathic and psychiatric complications such as depression and anxiety [36, 37] .
Some limitations of this study should be considered. First, there is an overrepresentation of women in our sample and our results should not be generalized to both genders as we did not consider the particular environmental factors that could be influenced by biological sex. Second, we did not address the influence of genetic stratification, even though the state of Tabasco is a highly homogenous state of Mexico in which the majority population is native to the place. Additionally, we did not address the possible participation of education level and/or socioeconomic status in the triad quality of life-emotional distress-type 2 diabetes mellitus.
Conclusions
Despite the limitations, our results evidence the importance and impact of emotional distress during the course of diabetes mellitus and its impact on the quality of life of these patients. Future studies should have a longitudinal evaluation of this phenomenon including patients with shorter illness evolution to set the basis for the implementation of specific interventions targeted to reduce distress in this population. Individuals with diabetes should receive multidisciplinary treatment, aiming to improve treatment adherence, physical and mental health, giving patients the opportunity to achieve life goals with a better quality of life. Health professionals have a commitment to patients and should play an active role in their assessment and treatment. A multidisciplinary team may improve the patient's quality of life by reducing emotional distress and may even aim to reduce the incidence of this disease in our population. 
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